The mitotic spindle bears the load of chromosomes during mitosis, but how this load is distributed across the spindle is unclear. A new study shows that load distribution in the spindle is confined and requires the microtubule cross-linking protein NuMA.
The mitotic spindle is a microtubulebased machine whose main goal is to move and segregate chromosomes every cell division. In theory, this critical mechanical task could be accomplished by assembling a number of independent mechanical moduli, each segregating a single chromatid pair. However, the reality is that the segregation of sister chromatids is not an independent act, as they must all be attached to spindle microtubules before they synchronously separate during anaphase. The metaphase spindle also moves and rotates as an integrated mechanical entity, despite the ephemeral character of microtubules that flow poleward and turn over rapidly. Thus, to some extent, spindle microtubules must be mechanically coupled in all three dimensions.
Classic works that studied the properties of microtubules have led to the formulation of the first models of mitotic spindle architecture and function [1] [2] [3] . The key ingredient in all these models was the existence of cross-linking bridges between parallel and anti-parallel spindle microtubules. While force produced by motor proteins (e.g., kinesin-5 and kinesin-12) could slide cross-linked anti-parallel microtubules, cross-links between parallel microtubules would provide some degree of mechanical coupling and transmit this force to microtubules associated with chromosomes at their kinetochores (k-fibers). Intuitively, parallel microtubules that converge at spindle poles have been a main suspect for spindle coupling. Indeed, spindle coupling at spindle poles guarantees that all sister chromatids are grouped in the same daughter nucleus after segregating during anaphase, and several motor proteins, such as cytoplasmic dynein and kinesin-14, have been implicated in this process ( Figure 1A ). However, even mildly unfocused or acentrosomal spindles appear to behave as a unit. Regarding the spindle as a single mechanical entity helps in conceptualizing it as a mechanically closed loop, thus precluding the need to find absolute anchors to move large objects [4] . Moreover, equatorial positioning of chromosomes during metaphase changes little or not at all after interrupting k-fiber connections with the spindle pole (reviewed in [5] ). Overall, these observations suggest that k-fibers are laterally cross-linked to spindle microtubules along their length, but to what extent different k-fibers share load has remained unclear.
A new study by Elting and colleagues, published recently in Current Biology, now shows that load distribution in the spindle is confined to a few-micrometers area, and requires the microtubule crosslinking protein NuMA [6] . The authors used laser microsurgery in rat kangaroo PtK2 cells to cut through k-fibers at different distances from the kinetochore in distinct genetic backgrounds deficient for known microtubule cross-linking proteins. By quantifying the immediate centromere relaxation (as inferred by measuring the distance between sister kinetochores over time) and microtubule response (using speckle microscopy), they mapped load bearing on neighbor chromosomes and spindle microtubules at high spatial and temporal resolution. They show that, in this system, spindle load-bearing capacity scales with k-fiber length and is confined along the first 3-4 mm from kinetochores. These results were consistent with recent reports in human and Drosophila cells in culture [5, 7] and confirm that load bearing is not accomplished by a single anchor point (e.g., near the poles).
Centromeric response to force can be generally modeled using viscoelastic model elements. Viscous and elastic components determine how fast and how far the stretching (or the relaxation) goes. In their study, Elting and colleagues found that there is no correlation between the relaxation timescale and the length of the remaining k-fiber stub after laser ablation. This observation identifies centromeric dissipation, as opposed to lateral viscous connections along the k-fiber, as the rate-limiting factor that determines the relaxation timescale. Most surprisingly, Elting and colleagues now show that load redistribution also takes place laterally, within 2 mm of the perturbed k-fiber, without detectable load-sharing among neighboring k-fibers. This suggests that in PtK2 cells, which have notoriously long spindles and few chromosomes, k-fibers are mechanically isolated.
These findings apparently contrast with those reported in a landmark study by Nicklas and colleagues, who used micromanipulation in grasshopper spermatocytes to laterally move a chromosome outside the spindle, followed by serial-section electron microscopy and 3D reconstruction of the manipulated chromosome and spindle microtubules [8] . They found that neighboring k-fibers on adjacent chromosomes were mechanically linked ( Figure 1B) . Some coupling between neighboring chromosomes has also previously been reported in human cells [9] and was proposed to account for flux-mediated force distribution and synchronous anaphase chromosome motion in Drosophila S2 cells [10] . The differences between studies could simply be due to specific features intrinsic to each model system. Alternatively, the observed differences could be due to limitations in the adopted methodologies.
For instance, while the study of Nicklas and colleagues showed a direct correlation between a manipulated chromosome and its immediate neighbors in the same cell, the study of Elting and colleagues compared the average relaxation observed on manipulated chromosomes with the average relaxation from a pool of neighbor chromosomes from different cells. Noteworthy, the magnitude of the force applied in the work of Nicklas et al. was likely much larger than that from cutting a k-fiber, and larger forces are expected to have a bigger impact on neighboring chromosomes than smaller ones. Moreover, the connections observed by Nicklas et al. appear to predominantly occur near the pole. In contrast, Elting and colleagues probed connections in the first 3-4 mm from kinetochores in a time scale compatible with a physiological response. However, interpreting relaxation data in microtubules that are laterally displaced from the severed k-fiber is not straightforward. Looking only downstream of the k-fiber relaxation event, one would expect that neighboring/coupled microtubules would experience relaxation in the same direction as the k-fiber. However, if these neighbor microtubules transmit stress to the k-fibers in the first place, then one would predict that k-fiber severing would decrease the load experienced by the force-production enzymes, resulting in a pole-directed relaxation component on these microtubules surrounding the k-fiber and possibly on neighbor centromeres ( Figure 1C) . Elting et al. do show high variability in neighbor centromere relaxation [6] , which in some cases might indeed represent hyperstretching. Thus, interpreting the absence of average relaxation dynamics of neighbor speckles or centromeres as an indication of absence of coupling will probably require additional experimental effort. In the future, it will be important to measure direct correlations between a perturbed k-fiber and its immediate neighbors in the same cell.
The classic work of Nicklas and collaborators, supported by recent evidence from micromanipulation studies in Xenopus extract spindles [11, 12] , further indicated that k-fibers were only firmly connected to other spindle microtubules near the pole, although ''some non-kinetochore microtubules of uncertain significance'' invaded the k-fiber near the kinetochore [8] . Some of these non-kinetochore microtubules might consist of anti-parallel microtubules decorated by the cross-linking protein PRC1, shown to be mechanically coupled to k-fibers in a one-to-one ratio, and recently baptized as 'bridging fibers' [13, 14] . Remarkably, through loss-offunction experiments using RNAi and small-molecule inhibitors in PtK2 cells, the study of Elting and colleagues now shows that both PRC1 and kinesin-5, which have a preference for anti-parallel microtubules [15, 16] , were dispensable for local load-bearing on k-fibers [6] .
Insightfully, Elting and colleagues have found that NuMA, a microtubule crosslinking protein with well-established roles in focusing parallel microtubule minusends at the spindle poles and in the generation of proper centromeric tension [17] , was required to laterally distribute the load of chromosome movement from the respective k-fiber to neighbor spindle microtubules [6] . The main finding of the present study is that NuMA does so by acting throughout the spindle, and not necessarily at the spindle poles. However, it remains unclear whether this role of NuMA involves its own passive crosslinking ability of parallel microtubules, or if it works by regulating the minus-enddirected activity of cytoplasmic dynein ( Figure 1D ) [18] . Somewhat surprisingly, perturbation of spindle load-bearing capacity after partial NuMA RNAi in PtK2 cells had little impact on mitosis [6] , whereas the microtubule-binding domain of NuMA is absolutely essential for early embryonic viability and cell proliferation in mice [19] . Because NuMA is also known to assemble into a microtubule-independent insoluble material [20] , could this represent proof for the ethereal 'spindle matrix' ( Figure 1D )? While future studies will be necessary to clarify the exact mechanism, the identification of the first molecule whose functional perturbation changes the spindle's load-bearing capacity is an important step towards understanding how spindle mechanical integrity accounts for accurate chromosome segregation.
Modern humans originated in Africa, but where exactly? So far, East Africa harbored the oldest fossil and archaeological evidence. Now, fossils and stone tools from a cave in Morocco challenge the notion that East Africa was the birthplace of modern humans.
The most parsimonious interpretation of regional variation in the modern human genome is that all modern humans are descended from one or more populations that left Africa within the last 100 thousand years. East Africa has previously been the favored location for the origin of modern humans, because the earliest fossil evidence for modern humans currently comes from two sites, Omo-Kibish and Herto, in Ethiopia, and the earliest evidence of the Middle Stone Age, the stone tool industry that archaeologists use as a proxy for modern human behavior, comes from the Baringo region of Kenya. But two recent papers from a team lead by Jean-Jacques Hublin [1,2] make a compelling case that a cave in Morocco, Jebel Irhoud, provides substantially earlier evidence of the type of tool-making behavior and skeletal morphology we associate with modern humans (Figure 1) .
Given how well we know the genome and the phenotypes of living modern humans, one might assume that the questions 'What are modern humans?'
